Ultra-Fast On-Site Molecular Detection of Foodborne Pathogens Using a Combination of Convection Polymerase Chain Reaction and Nucleic Acid Lateral Flow Immunoassay.
Rapid detection and timely treatment of diseases caused by foodborne pathogens is important for improving the curative efficiency and preventing the spread of disease. In this study, we developed an assay utilizing a recently introduced ultra-fast convection polymerase chain reaction (cPCR) in conjunction with a simple nucleic acid lateral flow (NALF) immunoassay for ultra-fast on-site molecular detection of foodborne pathogens. Two Salmonella enterica serovars, Salmonella Enteritidis and Salmonella Typhimurium, and Escherichia coli O157:H7 were used as the target pathogens. We confirmed the specific amplification of the target species with specifically designed modified primer sets for cPCR in singleplex and duplex modes. After cPCR amplification, we compared the detection specificity and sensitivity using agarose gel electrophoresis and NALF assays with one or two test lines. The cPCR amplicons were readily and sensitively detected using the NALF assay, and the sensitivity was comparable with that of agarose gel electrophoresis. To confirm the application of the assay in real-life samples, the assay was used to test artificially contaminated milk. Without sample pre-enrichment, the limit of detection (LOD) was 4.5 × 103 colony-forming units (CFU)/mL for Salmonella species; 4.5 × 104 CFU/mL to differentiate Salmonella Enteritidis and Salmonella Typhimurium; and 2.3 × 103 CFU/mL for E. coli O157:H7, in a duplex assay. With a 6 h pre-enrichment, the LOD was 4.5 CFU/mL for Salmonella Enteritidis and Salmonella Typhimurium, and 2.3 CFU/mL for E. coli O157:H7. The cPCR amplification took only 14 min, and the NALF assay took ca. 5 min. The total analysis time was less than 20 min. Based on these observations, we propose that the developed assay is simple, ultra-fast, and applicable for on-site detection of foodborne pathogens.